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Abstract
In the present thesis, we have performed the electronic structure calculations of the
metal oxide semiconductor clusters, employing ab initio methods based on density func-
tional theory within pseudopotential approximation. The primary focus of this study was
to understand the evolution of structural, magnetic and optical properties of metal oxide
clusters particularly, aluminum oxide and gallium oxide clusters. To begin with a system-
atic study of evolution of the structural and electronic properties of Al2O3 and Ga2O3,
clusters and their comparison with the bulk was initiated. As a continuation we have
studied Mn doped gallium oxide clusters and Gd doped alumina clusters. We have also
studied size dependent optical properties of gallium oxide clusters using Time Dependent
DFT.
In the initial stage, we have performed systematic study of structural and electronic
properties of (Al2O3)n and (Ga2O3)n clusters in the size range of n = 1−10. In general, it
is found that the lowest energy isomers for both (Al2O3)n and (Ga2O3)n clusters are similar
except for n = 1, 2, 4, and 10. The lowest energy configurations for both series shows
preference for 4- and 6-membered rings. The stability of the cluster increases with the
size. The stability of the clusters is dominated by the ionic Al-O and Ga-O interactions
with weak covalent bonding. For (Al2O3)n clusters we have calculated IR and Raman
spectra for small sized (n = 1− 4) clusters and compared with the experimental spectra.
Our results for n = 1 agree with experiments well and for n = 4, there is a possibility of
the presence of combination of isomers. It is shown that Raman spectra could be helpful
in identifying the lowest energy isomers of these clusters.
As a next step, we have studied the variation in the structural, electronic, and magnetic
properties of Mn-doped gallium oxide and Gd-doped alumina clusters with the cluster size
and concentration of the dopents. Specifically, we have focused on the study of the atomic
structure and magnetic properties of Mn(GaO)n and Mn2(GaO)n clusters with n = 1− 7
as well as GdAl2n−1O3n and Gd2Al2n−2O3n clusters with n = 1 − 10 using DFT. Our
results on Mn doped (GaO)n clusters suggest that doping of a Mn atom is found to be
energetically favourable in (GaO)n clusters and the equilibrium configurations are found
to be determined by the metal-oxygen interactions. For Mn2(GaO)n clusters results into
the ground state to be either ferromagnetic or antiferromagnetic depending on the Mn
coordination number and the Mn-Mn bond-length in the given Mn2(GaO)n cluster. For,
Gd doped Al2O3 clusters, our results show that substitution of an Al with a Gd atom
is energetically favourable in clusters, but in the case of bulk α-Al2O3, Gd doping is
energetically unfavourable, and with the increase in the concentration of Gd atoms, the
stability decreases. These results suggest that doping of Gd and, in general, rare earths
in nanoparticles offers an attractive route to prepare rare-earth doped ceramic materials,
such as YAG, which has been attracting much interest in recent years.
As a continuation of our earlier work we have calculated the absorption spectra for
(Ga2O3)n, n = 1 − 10 clusters using TDLDA technique. We have also calculated the
polarizability of these clusters using finite field method. The polarizability decreases with
size of the cluster. The overall shape of the calculated spectra strongly depends on cluster
geometries. With the increase in size, the discrete spectra of small clusters evolves into
quasicontinuous spectra. For n = 10, the spectra shows a smooth absorption edge which is
a characteristic of the bulk. It is observed that the optical gap oscillates with an increase
in the cluster size. These results provide a proper theoretical support to understand the
optical properties of nanostructures of gallium oxide as well as other metal oxides.
